The essential oil of aerial parts of Calamintha origanifolia Boiss. (Lamiaceae), growing wild in Lebanon, was obtained by hydrodistillation and was analysed by GC and GC-MS. 49 compounds, representing 92.2% of the oil, were identified. The major components, belonging to the class of oxygenated monoterpenes, were pulegone (22.5%), isomenthone (12.2%) and piperitenone (9.6%). The oil showed a slight antimicrobial activity against three bacterial strains.
particularly pulegone and isopulegone, are also reported to be the responsible of the strong antibacterial and antifungal activities showed by essential oils from different Calamintha species [4] . Due to its good antimicrobial activity, C. officinalis essential oil has been proved to be effective as preservative in two current formulations (cream and shampoo) [5] .
Calamintha origanifolia Boiss. (syn. Cyclotrichium origanifolium (Labill.) Manden & Scheng.) is a strongly aromatic, suffruticose, much branched species wild growing in the Horsh Ehden reserve that is located on the northern part of the Lebanese western mountain range, just below Cornet As Sawda, the highest mountain peak in Lebanon. The Reserve represents a mountainous ecosystem on the elevated slopes of the northern Mt. Lebanon chain. In this paper, as a continuation of our studies on the essential oils from Lamiaceae growing wild in Lebanon [6], we report on the chemical composition of the essential oil of Calamintha origanifolia collected in the Lebanese Horsh Ehden reserve. Great variations occur in the volatile compounds from Calamintha genus, but the major components in the oils generally belong to the C-3 oxygenated p-menthanes such as pulegone, isomenthone, menthone, piperitone and piperitenone with their oxides [4a,4c-4f,5,7-9]. According to Baldovini et al. [8] , three types of oils can be distinguished: in the first pulegone is the major component, associated with different compounds such as menthone and/or isomenthone, menthol and its isomers, piperitenone, piperitone and piperitenone oxides. The second type is characterized by the predominance of piperitone The essential oil of C. origanifolia belongs to the first type, as pulegone (22.5%) is the most abundant component. In total, forty-nine constituents have been identified; representing 92.2% of the total oil; their retention indices and percentage composition are given in Table 1 , where the components are listed in order of elution from a HP 5MS column. As reported in the literature for other Calamintha species [9], the oxygenated monoterpenes were the most abundant components of the oil, particularly those with p-menthane skeleton, and their content represented 59.7% of the oil. The most abundant compounds of this fraction were pulegone (22.5%), isomenthone (12.2%) and piperitenone (9.6%). The high content of isomenthone can be considered a characteristic of the present oil because this compound is reported in lower amounts in other Calamintha oils. Isomenthone was detected in a quite similar extent only in the oils of C. grandiflora (15.2%) [9b] and C. sylvatica ssp. sylvatica in the pre-blossom phase (13.4%) [9e]. The greatest amount of isomenthone was detected in the oil of C. sylvatica ssp. ascendens (36.8-43.3%) [9f]. Other ketones identified in the oil were chrysanthenone (0.9%), geranyl acetone (0.3%) and hexahydrofarnesyl acetone (1.6%). Also a few monoterpene hydrocarbons were present but they represented only 1.9% of the oil, ranging between 0.7% (p-mentha-1,3,8-triene) and traces (α-thujene). Twelve sesquiterpene hydrocarbons were detected. Caryophyllene represented the 1.9% of the oil whereas the other sesquiterpene hydrocarbons were present in low content, from traces to 0.2%. Three Composition of Calamintha origanifolia essential oil Natural Product Communications Vol. 2 (12) 2007 1255 oxygen-containing sesquiterpenes were present and τ-cadinol (4.0%) was the major component of this fraction. In the oil were also identified three phenols that amounted to the 2.1%. Carvacrol (1.1%) and thymol (0.8%) were the most abundant while eugenol represented the 0.2% of the oil. Data obtained allow us to ascribe the oil of Calamintha origanifolia Boiss. growing wild in Lebanon to a type pulegone/isomenthone oil.
The MIC and MBC values of the essential oil against eight selected micro-organisms are reported in Table 2 . The oil showed action mainly against B. subtilis, S. epidermidis and E. coli.
Experimental
Plant material: Aerial parts of C. origanifolia Boiss were collected at the full flowering stage from plants growing wild on rocky soil at Oyoun Ouvghanch, 2200 m a.s.l., in June 2005. The required authorizations for the plant collection were given by the Lebanese authorities to Apostolides Arnold. A voucher specimen (leg. & det. N. Arnold s. n., confirm. Th. Raus) was deposited in the Herbarium of the Botanischer Garten, Berlin Universität.
Essential oil isolation:
The oil from air-dried and ground aerial parts of plants was isolated by hydrodistillation for 3 h, using a Clevenger-type apparatus according to the method recommended in the European Pharmacopoeia [10] The oil was dried over anhydrous sodium sulphate and stored under N 2 at +4°C in the dark until tested and analysed. The sample yielded 0.13% of yellow oil (w/w), with a pleasant smell of mint.
GC analysis:
Analytical gas chromatography was carried out on a Perkin-Elmer Sigma 115 gas chromatograph fitted with a HP-5 MS capillary column (30 m x 0.25 mm i.d.; 0.25 μm film thickness). Helium was the carrier gas (1 mL min -1 ). Column temperature was initially kept at 40°C for 5 min, then gradually increased to 250°C at 2°C min -1 , held for 15 min and finally raised to 270°C at 10°C min -1 . Diluted samples (1/100 v/v, in n-hexane) of 1 μL were injected manually at 250°C, and in the splitless mode. Flame ionization detection (FID) was performed at 280°C. Analysis was also run by using a fused silica HP Innowax polyethylenglycol capillary column (50 m x 0.20 mm i.d.; 0.20 μm film thickness).
GC-MS analysis:
GC-MS analysis was performed on an Agilent 6850 Ser. II apparatus, fitted with a fused silica HP-1 capillary column (30 m x 0.25 mm i.d.; 0.33 μm film thickness), coupled to an Agilent Mass Selective Detector MSD 5973; ionization voltage 70 eV; electron multiplier energy 2000 V. Gas chromatographic conditions were as reported above; transfer line temperature, 295°C.
Qualitative and quantitative analyses:
Most constituents were identified by gas chromatography by comparison of their retention indices (I) with either those of the literature [11, 12] or with those of authentic compounds available in our laboratories. The retention indices were determined in relation to a homologous series of n-alkanes (C 8 -C 24 ) under the same operating conditions. Further identification was made by comparison of their mass spectra on both columns with either those stored in NIST 02 and Wiley 275 libraries or with mass spectra from the literature [11, 13] and our home made library. Component relative concentrations were calculated based on GC peak areas without using correction factors.
Antimicrobial activity:
The antibacterial activity was evaluated by determining the minimum inhibitory concentration (MIC) and the minimum bactericidal concentration (MBC) using the broth dilution method as previously described 
